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Introduction
============

Ischaemic heart disease remains a leading cause of morbidity and mortality worldwide.[@ref1] The main causes of ischaemic heart disease have been well known for decades, and smoking, physical inactivity, and unhealthy diet (the last two partly mediated through high blood pressure, high cholesterol, overweight, and type 2 diabetes) can explain most new cases.[@ref2] Studies of selected groups of people have shown that changes in these risk factors influence development of ischaemic heart disease,[@ref3] but what is effective at an individual level under ideal circumstances may not work when scaled up to the population level. A systematic review of randomised clinical trials of multiple risk factor interventions for preventing ischaemic heart disease had a modest effect on changes in lifestyle factors, cholesterol concentrations, and blood pressure---the last two mainly owing to the drug treatment used---but no significant effect on long term mortality due to ischaemic heart disease.[@ref4] The quality of the studies varied considerably; many studies were old, and few of the published studies provided sufficient detail to replicate the intervention used. Often a theoretical framework for the lifestyle counselling was missing, and in some studies the intensity and duration of interventions were limited. Mostly, only single risk factors were considered without an assessment of absolute risk. Also, a maintenance programme was seldom part of the intervention. Further major drawbacks were the possibility of spill over effects to the control group,[@ref5] lack of intention to treat analyses due to loss of follow-up, and no information on non-fatal cases.[@ref4]

Because of these shortcomings, the Inter99 study was started in 1999.[@ref6] The guidelines at that time recommended the Framingham risk score as an appropriate measure of absolute risk taking into account all major risk factors,[@ref7] but use of existing foreign risk scores on a Danish population had shown poor results.[@ref8] [@ref9] A risk score should be developed in a population that resembles the one where it is applied.[@ref10] Therefore, we developed the Copenhagen risk score on the basis of data from two large epidemiological studies in the Copenhagen area.[@ref11] The relative risks found in the Copenhagen risk score were comparable to international findings,[@ref11] but comparing it with the Framingham risk score confirmed that the latter could not be used in a Danish population.[@ref12] Furthermore, existing risk scores had the drawback that they were solely based on epidemiological data, which may not correctly estimate the effect of changing risk factor status.[@ref13] Therefore, we developed a risk assessment computer program (PRECARD) combining the Copenhagen risk score with data from randomised clinical trials.[@ref11] This computer based program, which is now registered as HeartScore and recommended by the European Society of Cardiology,[@ref14] was not only a risk score based on national data but also one of the world's first computer based health educational tools. We developed it as a new pedagogical approach, to be used as an aid to explain risk to participants and to tailor a personal intervention for each participant. We avoided a spill over effect on the control group by means of the randomisation procedure, whereby people who formed the control group were not invited for the screening and not informed about an ongoing intervention. The intensity of the intervention was high, with repeated screening followed by counselling aimed at behavioural changes over a five year period. We used accepted and well described behavioural change theories. The maintenance plan exceeded the five year period, and follow-up was almost complete (except those who emigrated) for the whole study population through registers.

After five years of counselling a significant effect on lifestyle was seen, with a substantial reduction in the prevalence of smoking,[@ref15] improved dietary habits,[@ref16] sustained physical activity (among men),[@ref17] [@ref18] and a decrease in binge drinking.[@ref19] Furthermore, a significant improvement in self reported mental health and sustained self reported physical health occurred.[@ref20] These findings indicate that counselling promotes beneficial changes at the individual level for at least a limited period of time. However, these findings do not show whether screening and lifestyle counselling will reduce ischaemic heart disease at the population level. Although they are part of a randomised trial, the participants represent a selected group of people who have chosen to participate and who attended the follow-up. This leaves the question about a possible effect in the general population unanswered. From a public health perspective, we need to show whether screening for cardiovascular risk and individual counselling actually lead to a reduction in the diseases in question, not only in those who participated in the intervention but in the study population as a whole. This is one of the main criteria for introducing screening programmes in the general population and is a requirement in cancer screening programmes.[@ref21] [@ref22]

The main aim of the Inter99 study was to investigate whether a decrease in the incidence of ischaemic heart disease could be achieved in a general population offered repeated screening for risk of ischaemic heart disease and repeated lifestyle counselling.[@ref6] The primary outcome measure was the incidence of ischaemic heart disease. Secondary outcome measures were stroke, combined events (ischaemic heart disease, stroke, or both), and total mortality.

Methods
=======

The study population
--------------------

The study population has previously been described in detail.[@ref6] It comprised all 61 301 people born in 1939-40, 1944-45, 1949-50, 1954-55, 1959-60, 1964-65, and 1969-70 living in 11 municipalities in the southwestern part of Copenhagen County on 2 December 1998 (fig 1[](#fig1){ref-type="fig"}). The area had a total population of 330 293. We identified people in the civil registration system, in which all inhabitants in Denmark are registered with unique 10 digit numbers, making the linkage across time and registers very accurate. We selected the birth years and chose the intervention procedure to ensure that participants were as close as possible to 30, 35, 40, 45, 50, 55, and 60 years of age at the baseline examination, which took place between 15 March 1999 and 31 January 2001.[@ref6]

![**Fig 1** Flow chart of randomised Inter99 study showing distribution and participation of 59 616 people in various groups during four contacts (baseline, one year, three years, and five years) over five year period. IHD=ischaemic heart disease. \*59 993 people were drawn for study population, but 377 emigrated, died, changed their personal identification number, or disappeared before baseline, leaving 59 616. †Random sample of control group (n=5264) received questionnaires. ‡1308 people were randomly allocated to low intensity intervention group; this intervention group was only used to investigate whether lower intensity intervention was effective to achieve changes in lifestyle (described in detail in appendix 1); this group is not included in endpoint analyses, as power calculations were based on large high intensity intervention group, as shown in this figure (for fuller flow chart including low intensity intervention group see [www.Inter99.dk](http://www.Inter99.dk/))](jort016429.f1_default){#fig1}

The 61 301 people were randomised by computer generated random numbers with different randomisation ratios in the different age and sex groups to secure a predefined number in the intervention group including an equal number of men and women at each age and an oversampling of middle aged people (40, 45, 50, and 55 years), as previously described.[@ref6] We oversampled people aged 40-55 years, as we expected a higher motivation to change lifestyle in this age group, in which early symptoms often start to manifest. A total of 11 708 people were allocated to the intervention group and 48 285 to the control group (a small group of 1308 people were randomly allocated to a low intensity intervention group to investigate whether a less comprehensive lifestyle intervention had similar effect on lifestyle changes as the planned high intensity intervention; this group will not be dealt with in this paper but is described in web appendix 1). People in the control group had no knowledge of an ongoing intervention.

With an expected participation rate of 70%, we calculated that a difference in 10 year incidence of ischaemic heart disease between the intervention and control groups of 15% should be detectable with a type 1 error of 0.05 and 1--power of 0.20.[@ref6]

Each person was given a date indicating the time of start of the 10 year observational period. For participants in the intervention group, the date of the first examination at baseline was the start date. Invitations followed a systematic procedure starting with people born on 1 January and ending with those born on 31 December. We defined the start date for non-participants and for people in the control group (who were not invited) born in a specific month as the median date of that month, when the largest number of the participants born in the same month were examined.

Screening and lifestyle counselling
-----------------------------------

People allocated to the intervention group were invited to the Research Centre for Prevention and Health and were screened with a comprehensive questionnaire (lifestyle, motivation to change lifestyle, symptoms, history of diseases, family history of diseases, psychosocial factors), physical measurements (electrocardiography, blood pressure, height and weight, waist and hip circumference, spirometry), blood samples (total cholesterol measured instantly using a Reflotron, total lipid profile), and a two hour oral glucose tolerance test. To assess the absolute risk of the participants, non-modifiable risk factors (age, sex, height, personal history of ischaemic heart disease and diabetes, history of ischaemic heart disease in parents) and modifiable risk factors (weight, smoking, blood pressure, instant cholesterol) were entered into the PRECARD program.[@ref7] On the basis of this information, an individual 10 year risk of fatal and non-fatal ischaemic heart disease was calculated. People were defined as being at risk if they belonged to the upper fifth (sex and age stratified) of the total risk of ischaemic heart disease. Each person was simulated in the computer program as 60 years old to reach a substantial level of risk. We did this partly to distinguish better between levels of risk and partly for pedagogical reasons as, for example, no young women have a high risk of ischaemic heart disease even if they have very unhealthy lifestyle and have several risk factors such as high blood pressure and high cholesterol. We included people in the lower four fifths in the high risk group if they had one or more of the following risk factors: daily smoking, a systolic blood pressure of 160 mm Hg or more (the lowest value of at least three measurements) or on antihypertensive treatment, total cholesterol of 7.5 mmol/L or more or in treatment with lipid lowering drugs, body mass index of 30 or more, history of diabetes or ischaemic heart disease, and detected diabetes or impaired glucose tolerance on the basis of the oral glucose tolerance test. In total, we classified 60% as being at high risk.[@ref6]

On the basis of the personal risk estimate, each person had a personal lifestyle counselling session varying from 15 to 45 minutes immediately after their health examination and risk assessment. Counselling was given to all participants who were daily smokers, had less than 30 minutes' physical activity per day, had a diet dominated by high intake of saturated fat, consumed less than 300 g of fruit and vegetables daily, or had an alcohol consumption above the recommended maximum levels (14 drinks a week for women and 21 for men) on the basis of the current national guidelines ([www.Inter99.dk](http://www.Inter99.dk/)).[@ref6] Written material on physical activity, smoking cessation, diet, and alcohol was given when appropriate. Participants at high risk were further offered group based counselling with six sessions over a four to six month period. Three types of group based counselling were offered: a smoking cessation course (daily smokers willing to quit), a smoking reduction course (daily smokers unwilling to quit but willing to reduce), and a course on diet and physical activity. The choice of group based counselling depended on the risk factors and the preference and motivation of the participant. A plan for referral to their general practitioner or medical department, based on incidental findings of potentially life threatening values (such as very high blood pressure) was followed.[@ref6] Participants at high risk were given a letter to their general practitioner with information on the results of the examination.

Participants at high risk were re-invited after one and three years, when the screening, risk assessment, and lifestyle counselling procedures as described above were repeated. Those still at high risk were again offered group based counselling. Participants at low risk received a questionnaire but were not invited to the centre. After five years, all eligible participants at baseline were re-invited for final screening, individual counselling, and a plan for maintenance. The 10 year follow-up period ended on 31 January 2011, 10 years after the last person attended the baseline investigation. Minor changes in procedures during the study are described at [www.inter99.dk](http://www.inter99.dk/).

The staff (nurses, dietitians, doctors) who did the health examinations, individual counselling, and group based counselling were taught the common health behaviour models (health belief model, Bandura's social cognitive theory, the transtheoretical model)[@ref23] [@ref24] [@ref25] and were trained in lifestyle counselling, including the use of motivational interviewing and the stages of change model,[@ref25] [@ref26] as described earlier.[@ref6] [@ref15] [@ref16] [@ref17] [@ref18] [@ref19] [@ref20]

We retrieved the following data from the central registries by means of the unique person number: emigration or death (civil registration system); baseline comorbidity index and incident ischaemic heart disease and stroke (national patient registry, which contains data on all admissions to non-psychiatric hospitals in Denmark since 1977 and on all outpatient contacts since 1995); causes of death (national registry of causes of death, where all causes of death have been registered since 1970); surgical procedures (Nordic classification of surgical procedures); socioeconomic data (Integrated Database for Labour Market Research); and ethnicity and cohabitation (national population registry). These registries have a very high validity and include close to 100% of people in the study population, as long as they had not emigrated.[@ref27]

Endpoints and co-variables
--------------------------

We defined ischaemic heart disease as either admission to hospital (inpatient or outpatient) or causes of death with ICD-8 (international classification of diseases, 8th revision) codes 410-414 and ICD-10 codes I20-I25 (since 1994; ICD-9 was never used in Denmark) or surgery codes 300.09-304.99 and KFNC-KFNH (since 1996; bypass, recanalisation, or reconstruction of coronary arteries). We defined stroke events as either admission to hospital (inpatient or outpatient) or causes of death with ICD-8 codes 430-434 plus 436 and ICD-10 codes I60-I64 plus I69.

We defined the event date as the day of admission to or contact with the hospital, date of surgery, or date of death of the patient with the diagnosis in question. For people with several events, we used the date of the first event. The primary endpoint was ischaemic heart disease; secondary endpoints were stroke, combined events (ischaemic heart disease, stroke, or both), and total mortality.

We used age as a categorical variable in seven classes according to the chosen birth cohorts. We assessed socioeconomic status by cohabitation (yes, no) and education---basic (primary school only), low (1-2 years of education/vocational training; for example, hair dresser, gardener), intermediate (3-4 years of education/vocational training, for example, teacher, nurse), and high (\>4 years of education; for example, academic). We categorised ethnicity as Danish, other Western countries, and non-Western countries. We developed a comorbidity score (web appendix 2) that included potentially life shortening diseases from all organ systems comprising hospital contacts in the period from 1978 to start date. We categorised the variable as zero, one, two, and three or more diseases.

Statistical analysis
--------------------

We used logistic regression for comparison of baseline characteristics. In the analyses of incident cases of ischaemic heart disease and stroke, we excluded people who were diagnosed as having ischaemic heart disease before the study start (n=1308) from the analyses of ischaemic heart disease and the combined endpoint, and we excluded those who were diagnosed as having stroke before study start from the analyses of stroke and the combined endpoint (n=676). We did supplementary analyses without these exclusions.

We calculated cumulative incidence curves illustrating the probability of a person having had an event at a given time, when the risk of a competing event (death) was taken into account.[@ref28] The cumulative incidence curves do not take age, sex, and other co-variables into account. We calculated cumulative incidences for each age and sex group, but they did not show any deviation in results (data not shown). We calculated cumulative incidence curves for each outcome and further investigated them with Gray's test for equality.[@ref29]

To investigate the effect of the intervention, we used three Cox regression models. The first model was adjusted for sex and age; the second included additional adjustment for education, ethnicity, and co-habitation; and the third also included adjustment for comorbidity. The analyses followed intention to treat principles with 10 year follow-up on all people unless they had an event, died, or emigrated in the period from inclusion to 10 years after. Given the study design, the main analyses were the models that only included sex and age, as the random assignment in the Inter99 study was weighted on sex and age.

We initially used a Cox regression model assuming proportional hazards (constant hazard ratio) over time for all variables. Whenever the proportional hazards assumption was not compatible with the data, we extended the Cox model by time dependent coefficients. The time dependent coefficient for a given variable allows the hazard ratio of an event to change during the 10 year study period. This was necessary for age when looking at ischaemic heart disease and the combined endpoint. We did all analyses for these endpoints both with and without time dependent coefficients for age. This optimisation of the model did not substantially change the results regarding associations between group and endpoints. All results presented are from Cox regression models assuming proportional hazards. Furthermore, we examined any two way interactions between intervention group, sex, and age; whenever one of these was statistically significant, we included it in the model. Finally, we examined possible three way interactions. For each of the four endpoints, we evaluated the fit of the survival regression models in all models.

We used SAS version 9.2 for survival curves and survival models. We used the software package R for cumulative incidence curves and Gray's test. We considered P values below 0.05 to be statistically significant.

Results
=======

Between the date of randomisation (2 December 1998) and the defined start date (which could be between 15 March 1999 and 31 January 2001), a total of 377 people (79 in the intervention group and 298 in the control group) either emigrated (n=184), disappeared (for example, homeless; n=4), died (n=187), or changed their personal identification number (for example, changed sex; n=2) and thus were not eligible for follow-up, leaving a study population of 59 616 people (intervention group, n=11 629; control group, n=47 987). The distribution of the 377 non-included people in the intervention and control groups was equal as regards age and sex.

Comparison of the intervention group and control group at baseline (table 1[](#tbl1){ref-type="table"}) showed no sex difference but a significantly different age distribution, which was expected because of the sampling procedure. As regards the possible confounders, ethnicity and comorbidity showed no differences between the groups, whereas significantly more people in the control group were cohabiting and had a lower education compared with those in the intervention group, even after adjustment for age and sex (table 1[](#tbl1){ref-type="table"}).

###### 

 Baseline characteristics for intervention and control groups in Inter99 study (n=59 616). Values are percentages (numbers)

  Characteristic              Intervention group (n=11 629)   Control group (n=47 987)   P value\*   Adjusted P value†
  --------------------------- ------------------------------- -------------------------- ----------- -------------------
  Age (years):                                                                           \<0.01      \<0.01
   30                         7.6 (889)                       13.2 (6343)                            
   35                         11.5 (1340)                     17.4 (8363)                            
   40                         19.2 (2234)                     13.5 (6480)                            
   45                         19.3 (2243)                     12.8 (6119)                            
   50                         19.3 (2242)                     12.6 (6023)                            
   55                         15.4 (1788)                     16.9 (8088)                            
   60                         7.7 (893)                       13.7 (6571)                            
  Male sex                    49.9 (5805)                     49.1 (23 565)              0.12        0.13
  Ethnicity:                  (n=11 619)                      (n=47 939)                 0.31        0.85
   Danish                     88.5 (10 285)                   88.4 (42 397)                          
   Western country            2.8 (330)                       2.6 (1262)                             
   Non-Western countries      8.6 (1004)                      8.9 (4280)                             
  Cohabitation with partner   73.7 (8571)                     74.5 (35 760)              0.07        0.02
  Education:                  (n=11 324)                      (n=46 746)                 \<0.01      0.04‡
   Basic                      29.8 (3379)                     30.1 (14 088)                          
   Low                        52.0 (5890)                     53.0 (24 773)                          
   Intermediate               13.6 (1543)                     12.4 (5797)                            
   High                       4.5 (512)                       4.5 (2088)                             
  Comorbidity:                                                                           0.98        0.88
   0 serious diseases         88.6 (10 299)                   88.6 (42 517)                          
   1 serious disease          9.4 (1088)                      9.4 (4500)                             
   2 serious diseases         1.7 (198)                       1.7 (796)                              
   ≥3 serious diseases        0.4 (44)                        0.4 (174)                              

\*Estimated in χ^2^ test (categorical variables).

†Estimated in logistic regression models; adjusted for age and sex.

‡Model includes interaction between education and sex, for model fit reasons.

A total of 6091 (52.4%) people in the intervention group accepted the invitation and were examined at baseline (fig 1[](#fig1){ref-type="fig"}). More young women than young men participated, and the participation rate increased with increasing age up to age 50, after which it declined. Besides the 60% (n=3642) at high risk, an additional 10% (n=608) had an individual lifestyle counselling due to unhealthy lifestyle according to the criteria mentioned. A total of 92% (n=3352) among those at high risk were offered group based counselling, as 8% (n=290) already received appropriate help (for example, overweight people receiving counselling from a dietitian or smokers who had signed up for smoking counselling elsewhere). Owing to a clerical error, 88 people (of whom 33 were occasional smokers) at low risk were also offered group based counselling and were invited after one and three years.

In the five year follow-up period, 59 (46 at high risk) of the 6091 (3642 at high risk) people died and 54 (36 at high risk) emigrated. At one year follow-up, 2224 people participated; at three year follow-up, 2240 participated. At the final screening after five years, 4028 (2119 from the high risk group) participated. At baseline, a total of 1489 people accepted participation in group counselling and 1293 eventually attended (for example, many smokers had quit on their own after the individual counselling). Among those who attended after one and three years, 335 and 295 participated in group based counselling.

Among 58 308 people without a history of ischaemic heart disease at baseline, 2782 developed ischaemic heart disease (565 in the intervention group and 2217 in the control group). Among 58 940 people without a history of stroke at baseline, 1726 developed stroke (326 in the intervention group and 1400 in the control group). Among the 59 616 people in the study population at baseline, 3163 died (595 in the intervention group and 2568 in the control group) in the 10 year follow-up period (table 2[](#tbl2){ref-type="table"}) and 1312 emigrated. The number of person years of follow-up varied between 527 754 and 574 638 (table 2[](#tbl2){ref-type="table"}).

###### 

 Hazard ratios for incident cases of ischaemic heart disease, stroke, or combined cardiovascular events and total mortality in whole population of Inter99 study 10 years after study start

  Outcome                                     No of participants   No of person years   No of events (intervention/control group)   Hazard ratio\* (95% CI)   Interactions: group\*age/group\*sex/group\*age\*sex (P values)
  ------------------------------------------- -------------------- -------------------- ------------------------------------------- ------------------------- ----------------------------------------------------------------
  **Ischaemic heart disease**                                                                                                                                 
  Model 1                                     58 308               551 627              565/2217                                    1.03 (0.94 to 1.13)       0.21/0.68
  Model 2                                     56 801               537 808              545/2139                                    1.04 (0.94 to 1.14)       
  Model 3                                     56 801               537 808              545/2139                                    1.04 (0.94 to 1.14)       
  **Stroke**                                                                                                                                                  
  Model 1                                     58 940               562 255              326/1400                                    0.98 (0.87 to 1.11)       ---/---/0.30†
  Model 2                                     57 412               547 940              321/1364                                    0.99 (0.88 to 1.12)       
  Model 3                                     57 412               547 940              321/1364                                    0.99 (0.88 to 1.11)       
  **Ischaemic heart disease and/or stroke**                                                                                                                   
  Model 1                                     57 715               541 345              806/3243                                    1.01 (0.93 to 1.09)       ---/---/0.63†
  Model 2                                     56 226               527 754              782/3143                                    1.01 (0.94 to 1.10)       
  Model 3                                     56 226               527 754              782/3143                                    1.01 (0.93 to 1.09)       
  **Total mortality**                                                                                                                                         
  Model 1                                     59 616               574 638              595/2568                                    1.00 (0.91 to 1.09)       0.98/0.25
  Model 2                                     58 070               560 032              583/2517                                    1.00 (0.91 to 1.09)       
  Model 3                                     58 070               560 032              583/2517                                    0.98 (0.90 to 1.08)       

Model 1 adjusted for age and sex; model 2 adjusted for age, sex, education, ethnicity, and cohabitation; model 3 adjusted for age, sex, education, ethnicity, cohabitation, and comorbidity.

\*Reference=control group.

†Significant interaction occurred between age and sex in analyses with stroke or combined events as outcomes; therefore, three way interaction between age, sex, and group is shown here.

The intervention had no effect on the incidence of the primary outcome, ischaemic heart disease (Gray's test: P=0.30) (fig 2[](#fig2){ref-type="fig"}). Cox regression analysis showed no effect after adjustment for age and sex (hazard ratio 1.03, 95% confidence interval 0.94 to 1.13) (table 2[](#tbl2){ref-type="table"}, model 1). The hazard ratio was not affected by additional adjustment for education, ethnicity, cohabitation (model 2), and co-morbidity (model 3) (table 2[](#tbl2){ref-type="table"}). In supplementary analyses including the 1308 people with a history of ischaemic heart disease at baseline, similar results were observed (hazard ratio 1.04, 0.95 to 1.13, adjusted for age and sex). As regards the secondary outcome measures (stroke, combined endpoint, and death), similar negative results were observed (Gray's test: P=0.48, P=0.56, and P=0.29, respectively) (fig 2[](#fig2){ref-type="fig"}). Cox regression models (table 2[](#tbl2){ref-type="table"}) adjusted for age and sex showed no effect of the intervention on stroke (hazard ratio 0.98, 0.87 to 1.11), the combined endpoint (1.01, 0.93 to 1.09), or death (1.00, 0.91 to 1.09). Supplementary analyses including the 676 people with a history of stroke and the 1901 with a history of either ischaemic heart disease or stroke gave similar results (hazard ratio 0.96 (0.86 to 1.08) and 1.00 (0.94 to 1.08), respectively). Cox regression analysis including only people with full information on all co-variables did not give different results.

![**Fig 2** Cumulative incidence curves of 10 year incidence of ischaemic heart disease (IHD), stroke, combined events (IHD, stroke, or both), and total mortality in intervention and control groups](jort016429.f2_default){#fig2}

We found no significant interaction between group and age or group and sex (table 2[](#tbl2){ref-type="table"}). As we anticipated a greater effect for the 40, 45, 50, and 55 year old people, we did sub-analyses for these age groups without any changes in results (Cox regression adjusted for age and sex: hazard ratios were 1.02 (0.91 to 1.13) for ischaemic heart disease, 1.03 (0.89 to 1.18) for stroke, 1.01 (0.93 to 1.11) for the combined endpoint, and 1.01 (0.91 to 1.12) for death). As we saw an interaction between age and sex in relation to stroke and combined events (table 2[](#tbl2){ref-type="table"}), we did sex specific analyses that showed no significant effect of the intervention in either sex for either primary or secondary outcomes (web appendix 3).

Discussion
==========

This study is among the world's largest intervention studies investigating the effect of screening for high risk of ischaemic heart disease followed by intensive repeated lifestyle counselling during a five year period. Although significant changes in lifestyle were described among participants after five years,[@ref15] [@ref16] [@ref17] [@ref18] [@ref19] [@ref20] we found no effect on development of ischaemic heart disease, stroke, combined events, or death in the entire study population over a 10 year period. No side effects were observed; in particular, no adverse psychological reactions were seen.[@ref30]

Strengths and limitations of study
----------------------------------

The study has both strengths and limitations. The participation rate was lower than we expected when we did the power calculations[@ref6]; however, taking into account the fact that more people than expected had an increased risk and received counselling and that not even a trend to a reduction in ischaemic heart disease was observed, we doubt that a participation rate of 70% would have made any difference. Furthermore, the number of events was sufficient to show a possible effect. Important questions concern whether the intervention had sufficient quality and intensity. Staff were trained and supervised in accepted behavioural change theories and lifestyle counselling, were very committed, and consisted of a small number of people, most of whom stayed until the end of the five year follow-up. The participants had up to four individual face to face counselling sessions with a health professional, and people at high risk were additionally offered group based counselling of four to six months' duration. The intensity of the intervention might of course be too low to achieve a change in unhealthy habits built up over a lifetime, but if an individualised intervention should be offered to 60% of the population its intensity must have limits. Even if better models for risk prediction for ischaemic heart disease existed (for example, using a stepwise screening procedure), we have no reason to believe that a larger number of people at risk would attend, especially not those with the highest risk. Also, we have no good reason to believe that more people would stick to lifelong lifestyle changes if the prediction model was improved. The intervention was primarily counselling, whereas medical treatment was left to general practice, which might result in low intensity treatment; but other studies using both counselling and medical treatment did not show an effect either.[@ref31]

The possibility that a 10 year follow-up is too short must also be considered. According to our power analyses, we obtained a sufficient number of events, so a longer follow-up time would most probably not change the results. Furthermore, the results from studies of societal changes (for example, public smoking bans[@ref32]) have shown an immediate effect on ischaemic heart disease events, indicating that if the intervention has an effect such changes should be expected within a short timeframe. The setting was a research clinic located in one of the large hospitals in the suburbs of Copenhagen. A general practice might be a more suitable place for lifestyle intervention, as general practitioners know their patients and patients have a high level of trust in their doctor. However, some of the lifestyle related randomised clinical trials were actually done in general practice as cluster randomised studies and showed no effect.[@ref33] Finally, the general practitioners in the area were informed about the study, and some of the participants were referred to them for medical treatment, further counselling, or both.

The strengths of the study are several: the size of the study and its population based design; the use of a tailored computer program (PRECARD), which took into account the effect of changing behaviour; the use of acknowledged health behaviour theories; and the use of an intensive programme of repeated counselling that could be applied in daily practice. Valid central registers allowed us to follow all people in the study, independent of participation and identifying both fatal and non-fatal cases. This enabled us to analyse data according to intention to treat, and the randomisation strategy ensured no spill over effect on the control group, as neither the control group nor their doctors knew that they formed a control group. Use of data from central registers further blinded the assessment of endpoints in relation to randomisation group. The generalisability of the results is thus high.

Comparison with other studies
-----------------------------

To our knowledge, only one published study of sufficient size has used a similar approach to Inter99 looking both at fatal and non-fatal endpoints. Wilhelmsen et al invited a random sample from the background population and carried out a five year intervention.[@ref31] They identified another random sample as a control group without inviting them, followed the two groups in central registers, and analysed the results according to intention to treat. In contrast to our study, their population (10 000 people in each group) comprised only middle aged men (47-55 years), and their criteria for people at high risk were different from ours (but probably in accordance with the definition of high risk in the 1970s): blood pressure 175/115 mm Hg or above, cholesterol 7.8 mmol/L or above, and smoking at least 15 cigarettes a day. This identified nearly 37% of the study population as being at high risk of ischaemic heart disease, compared with our 60%, as we had a broader definition of people at high risk. The intervention included individual lifestyle counselling and medical treatment of high blood pressure and hyperlipidaemia. As in our study, they found no effect on the development of ischaemic heart disease, stroke, or death. Furthermore, they found no effect on the development of cancer.

Several population based intervention studies have used a more traditional randomisation approach known from clinical trials. In these trials, a random sample from the background population was invited and screened against certain criteria, identifying those at high risk, and then the participants were randomised into intervention and control groups. This design faces a high risk of spill over effect to the control group, which has been suggested as one of the explanations for the lack of effect.[@ref5] A more fundamental problem is that it cannot assess the effect of the intervention at a population level, only among people who choose to participate in the screening, so it cannot contribute to the evidence for or against systematic screening from a public health perspective. Finally, many of the studies had loss to follow-up, which makes them vulnerable to attrition bias. The studies have been summarised in Cochrane reviews, which have concluded that the interventions had no effect on the development of ischaemic heart disease.[@ref33] In our study, we could not compare people who attended the study with a comparable control group (owing to our design), so this study cannot contribute to these selected studies. Similar studies have focused on the effect of lifestyle counselling as regards the development of breast cancer and colorectal cancer, likewise without any effect.[@ref34] [@ref35] A recent Cochrane review based on 14 randomised clinical trials, including more than 180 000 people, concluded that general health checks have no effect on the number of admissions to hospital, disability, stress, number of referrals to specialists, additional visits to the physician, or absence from work.[@ref36]

Policy implications
-------------------

In spite of the consistently negative results of screening and lifestyle counselling, general health checks remain a popular political tool for combating the burden of ischaemic heart disease and other chronic diseases. Lately, the British government has started a general health check for the population.[@ref37] Danish left wing parties went to the polls in 2011 promising the same but changed their minds shortly after gaining power. In 1968 the World Health Organization proposed that several criteria should be fulfilled before systematic screening could be recommended.[@ref21] These criteria have often been interpreted as criteria for screening for early stages of diseases, but they also apply to systematic screening for high risk of diseases. Some of the main criteria are that the disease in question should be serious and that a valid screening instrument is available, both of which are fulfilled for ischaemic heart disease. However, the most important criterion is that screening should reduce morbidity and mortality in the target population. This has repeatedly been documented not to be the case for ischaemic heart disease. Distinguishing between the effect on the population as a whole and the effect on individuals participating in a study is important. Both our study and several others show that counselling has an effect for some people.[@ref15] [@ref16] [@ref17] [@ref18] [@ref19] [@ref20] [@ref38] Therefore, counselling should still be a natural part of the everyday practice of health professionals. But the literature clearly shows that adding a systematic approach to everyday practice, by performing health checks in a general population followed by lifestyle counselling, does not reduce the incidence of chronic diseases.

One reason for this may be that primary care physicians are already able to identify patients at high risk of developing diseases, when they see them for other reasons, and they already intervene when needed. Another reason could be that participation rates in such screening programmes are far from 100%, and obtaining an effect at the population level is difficult if the participation rate is low. Non-responders and people who drop out from the programmes have been shown to be more often from the lower social classes and to have a less healthy lifestyle, and these are actually the people who potentially could benefit most.[@ref39] This social inequality is also well known from cardiac rehabilitation and cancer screening.[@ref40] [@ref41] Furthermore, only a small proportion of those who participate are able to make the change to a healthier lifestyle. Adopting a lifestyle different from that of people in your surroundings is often difficult. Those who succeed in lifestyle changes have difficulties in maintaining the healthier lifestyle over the long term, resulting in further dilution of a possible effect of the intervention.[@ref42] Some authors report a significant effect of some cancer screening programmes,[@ref22] but this is very different from screening for risk of ischaemic heart disease. Cancer screening results in treatment performed by the healthcare system and does not require lifelong changes in lifestyle, whereas screening for risk of ischaemic heart disease leads to lifestyle recommendations, which should be adhered to for the rest of the person's life. Finally, it could be argued that our risk estimation does not identify those at the highest risk. However, we used a Danish validated risk score, which was the most appropriate at the time when the study started. Both the high and low risk SCORE program has now been tested in a Danish population and found not to be suitable.[@ref43]

During the past 10-15 years an increasing number of scientific articles have shown that even small changes in society are potent determinants of changes in incidence of ischaemic heart disease.[@ref44] In Cuba and Poland, the dramatic changes after the collapse of the Soviet Union gave rise to a marked reduction in deaths from ischaemic heart disease as a result of societal changes in physical activity and diet.[@ref45] [@ref46] Another example was the smoke-free laws leading to a marked decline in mortality due to ischaemic heart disease.[@ref32] The effect of these small societal changes revives Rose's prevention paradox and indicates that they are a much more powerful tool to combat ischaemic heart disease than are screening and counselling of individuals.[@ref47] [@ref48] For decades, the focus has been on weakness of the will of the smoker or the overweight person---a "blame the victim" approach encouraged by big corporations.[@ref49] [@ref50] [@ref51] However, people face major barriers to making healthy choices and powerful pressures to adopt unhealthy ones.[@ref44] [@ref52] According to the United Nation's high level meeting on non-communicable diseases, sufficient evidence is available for action, and this action should be on the political level,[@ref53] where it is necessary to balance the vested interests of big corporations. Increases in tobacco and alcohol taxes have been shown to reduce consumption as well as raise revenue for governments,[@ref54] [@ref55] and the regulation of salt intake could save billions in healthcare costs annually through reduction in blood pressure and, thereby, possibly the risk of stroke and ischaemic heart disease.[@ref56] Finally, a tax on unhealthy foods and subsidies for healthy foods could change the choices people make, which would have an effect on the development of ischaemic heart disease. This is further supported by studies on individual counselling in which the intervention group is given the healthy food options for free.[@ref57] This growing literature on changes in society as the main driver of unhealthy lifestyles indicates that the way towards a healthier population is, to a great extent, the responsibility of politicians and health administrators, supported by health professionals.

Conclusions
-----------

Systematic screening of the general population for high risk followed by lifestyle counselling has, in this large randomised population based study and in all previous similar studies, not been able to reduce the incidence of ischaemic heart disease. Therefore, health checks with systematic screening and counselling cannot be recommended. Lifestyle counselling should continue in everyday practice but should not be implemented as a systematic programme in the general population.

### What is already known on this topic

1.  Screening for risk factors for ischaemic heart disease (IHD) followed by lifestyle counselling leads to small changes in risk factors, but not to reduced mortality from IHD

2.  Trials have been criticised for lack of theoretical framework, spill over effects on the control group, insufficient intervention, and lack of intention to treat analyses

3.  Most trials have looked only at fatal cases among men

### What this study adds

1.  Systematic screening and intensive lifestyle counselling had no effect on development of fatal and non-fatal IHD in the general population, in either women or men

2.  This study confirms that health checks followed by lifestyle counselling in a general population are not effective in reducing the burden of IHD in society and should not be part of a country's health policy
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